A 6-year-old Highland pony gelding was presented with severe left fore (LF) limb lameness of acute onset. The lameness occurred concomitantly with mild digital flexor tendon sheath (DFTS) effusion and focal painful swelling on the lateral aspect of the LF fetlock region. Clinical examination and diagnostic analgesia localised the lameness to the fetlock region and on ultrasound, a cyst-like structure filled with anaechoic fluid was detected just proximal to the lateral sesamoid bone, at the proximo-lateral aspect of the DFTS and adjacent to the lateral neurovascular bundle. Communication between the cyst-like structure and the DFTS was suspected ultrasonographically and then confirmed with contrast tenography. Tenoscopic examination of the LF DFTS was performed and the communication between the fluid-filled structure and the synovial cavity was detected. The defect in the DFTS wall was enlarged tenoscopically and the lining of the cyst-like structure was debrided. The horse recovered well post-operatively and was back in work with no evident lameness 8 months after surgery. This alternative minimally invasive surgical treatment had an excellent outcome and has the advantage of reducing the risk associated with en bloc resection.
Introduction
Fluid-filled cyst-like structures associated with the digital flexor tendon sheath (DFTS) are uncommon in horses but can cause lameness or be a cosmetic concern (Crawford et al. 2011) . These structures can be classified as synovial hernia, synovial ganglion or synoviocoele, however debate exists regarding the terminology. A synovial hernia occurs as a result of a defect in the fibrous capsule of the joint or tendon sheath, through which the synovial membrane protrudes (Kawcak 2011) . Whereas, a ganglion is described as a small cyst that does not contain synovial lining and that connects to a joint or a tendon sheath through a one-way tract (Pool 1990) . Recently, Minshall and Wright (2012) proposed the term synoviocoele to describe a cavity of synovial origin resulting from disruption of both fibrous and synovial layers of a congenital synovial structure. Crawford et al. (2011) reported a case series of fluid-filled masses associated with the DFTS that were treated by surgical excision. Clinical and histological finding were reported and were consistent with ganglion cysts of traumatic origin. Eight of the 10 horses included in the case series were lame and following surgical excision of the cyst, seven of the eight lame horses returned to previous level of work. One case report described successful, conservative management of a similar clinically significant fluid-filled mass associated with the DFTS in a pony (Smith 2009 ). The mass was injected with corticosteroids and atropine and the limb was bandaged for 48 h. According to the human literature, conservative management of dorsal wrist ganglion is associated with increased recurrence rate and reduced success rate compared to surgical excision (Kahn and Hayat 2011) .
In this report, an alternative minimally invasive surgical management of synovial ganglion cyst associated with DFTS in one horse is described.
Case history
A 6-year-old Highland pony used for general riding was presented to a referral hospital for further investigation of severe left fore (LF) limb lameness. The pony had reportedly been lame for approximately 1 month before referral. Lameness was acute in onset and the attending veterinary surgeon identified mild effusion of the LF DFTS with moderate swelling on the lateral aspect of the LF fetlock region. When the lameness occurred there were no radiographic abnormalities of the LF fetlock joint but initial conservative management, consisting of box rest and oral NSAIDs, was unsuccessful.
Clinical findings and diagnosis
On presentation to the referral hospital, the pony was bright and alert and his vital parameters were within normal limits. His body condition score was 5/5 (Carroll and Huntington 1988) . The pony was unshod and fully weight bearing on all four limbs. The LF DFTS was mildly effused proximally and distally with a focal swelling on the palmaro-lateral aspect of the LF fetlock, just proximal to the lateral sesamoid bone. The pony strongly resented palpation of the focal swelling. The pony was moderately lame at the walk and 8/10 lame (Wyn-Jones 1988) at the trot in a straight line. The LF lameness remained unchanged following palmar digital nerve block but was abolished by a low four-point nerve block. Diagnostic analgesia of the DFTS was considered but, due to the difficult nature of the horse, it was decided that this could not be accurately or safely achieved without sedation. Therefore, the decision was made to proceed with diagnostic imaging.
Ultrasonographic examination of the fetlock region and of the palmar aspect of the distal metacarpus was performed. No abnormalities were detected in the lateral branch of the suspensory ligament or in the soft tissue structures within the DFTS. However, moderate effusion of the DFTS was noted. Ultrasonography of the swelling on the palmaro-lateral aspect of the LF fetlock showed a well circumscribed, subcutaneous, spherical structure filled with anaechoic fluid, consistent with a cyst-like lesion. This was located just proximal to the lateral sesamoid bone and to the palmar annular ligament (PAL), adjacent to the proximo-lateral aspect of the DFTS and to the lateral neurovascular bundle. The margin of the cyst-like structure was well demarcated and closely associated with the lateral wall of the DFTS. A circular defect in the medial aspect of the cyst wall was suggestive of an open communication between the two structures (Fig 1) . To further ascertain the significance of the cyst, it was elected to aseptically aspirate the cyst contents under ultrasonographic guidance. On aspiration of the cyst-like structure, clear yellow, nonviscous fluid was obtained. The fluid contained no protein and total white cell count was 0.01 9 10 9 /L. Decompression of the cyst-like structure resulted in immediate marked improvement of the lameness.
Contrast tenography of the LF DFTS was performed to confirm communication between the two structures. Under aseptic conditions, 5 mL of nonionic radiographic contrast medium (iohexol, Omnipaque 350 mgI/mL 1 ) mixed with 5 mL of normal saline, was injected in the DFTS using the distal approach between the proximal and distal digital annular ligaments. The horse was hand-walked and, approximately 5 min after the injection of the contrast medium, a radiographic examination of the fetlock region was performed. Correct injection of the contrast medium in the DFTS was confirmed and both dorsopalmar and dorsolateralpalmaromedial oblique radiographic view showed accumulation of contrast medium in a spherical structure on the palmaro-lateral aspect of the DFTS, at the level of a radiopaque marker previously placed to correspond with the palpable swelling (Figs 2 and 3). Diagnosis of a cyst-like structure communicating with the DFTS was confirmed.
Treatment
Conservative and surgical management were discussed with the owner and it was decided to proceed with surgical treatment. The horse was anaesthetised and placed in right lateral recumbency. The LF distal limb was aseptically prepared and a tourniquet was applied to the proximal metacarpus. The first tenoscopic portal was made as standard, into the lateral outpouching of the DFTS between the PAL and the proximal digital annular ligament approximately 5 mm palmar to the palmar digital neurovascular bundle (Nixon 1990 ). The endoscope and cannula were inserted and the DFTS was inspected. No lesions of the SDFT or DDFT were noted and the manica flexoria was intact. A small elliptical defect of the lateral wall of the DFTS, just proximal to the PAL, was identified. On external palpation of the cyst, gas bubbles were noted to emanate from the defect into the DFTS (Fig 4) . An instrument portal was made proximally in the lateral outpouching of the sheath. In order to facilitate greater manipulation of the instruments within the sheath, a desmotomy of the PAL was performed using a combination of a hook knife and No. 12 blade. The communication between the circular fluid-filled structure and the DFTS was identified and confirmed with an arthroscopic probe. The elliptical defect in the DFTS wall was enlarged and extended to the PAL desmotomy using a hook knife. The incision made to join the two structures was approximately 1 cm long. A motorised synovial resector in oscillating mode with active suction was inserted into the cavity and, without active pressure, any loose soft tissue was debrided.
Following lavage of the DFTS, skin portal incisions were closed with 3 metric polypropylene suture material in a simple interrupted suture pattern. A two-layer bandage was placed Alternative surgical treatment for DFTS synovial cyst on the distal limb at the end of surgery. The horse recovered uneventfully from the general anaesthetic with the assistance of head and tail ropes. Immediate improvement of the LF lameness was noted following the surgery. The bandage was changed on Day 2 and 4 post-operatively. The surgical sites remained clean and dry, with minimal distension at the level of the cyst. The horse was discharged home 5 days after surgery and the bandage was changed every 3 days until 7 days after suture removal. The skin sutures were removed 10 days post-operatively. The horse was discharged home with a 9-week rehabilitation program consisting of 1 week of stall rest, 4 weeks of twice daily 15 min hand walking exercise and additional 4 weeks, in which the hand walking exercise was increased by 5 min weekly. At 6 and 9 weeks after surgery the horse was reassessed respectively by the veterinary surgeon who performed the surgery and by the referring veterinarian.
Outcome
The LF limb lameness improved significantly immediately and the horse was sound at the walk and at the trot in straight line 6 weeks after surgery. At the 6-week follow-up there was a mild thickening of the area but no DFTS effusion. No painful response was elicited on digital palpation. Ultrasonographic examination revealed the cyst-like structure was no longer visible and was replaced with tissue of mixed ultrasonographic echogenicity (Fig 5) . Nine weeks after surgery the horse was considered sound and fit to resume ridden exercise. Eight months after surgery the pony was sound and had resumed the previous level of exercise. Mild thickening of the area was still present.
Discussion
This case report describes the surgical management of a synovial ganglion cyst associated with the DFTS using a minimally invasive technique. There was immediate improvement of the lameness following surgery, a return to exercise at 2 months with continued resolution 8 months after surgery. The authors elected to use the term synovial ganglion cyst to describe the fluid-filled cyst-like lesion associated with the DFTS based on the definition of ganglion as a fluid-filled structure that connects to a joint or a tendon sheath through a one-way tract into the mass (Pool 1990) . Moreover, the location of the fluid-filled cyst-like lesion in the proximal aspect of the DFTS is consistent with that described by Crawford et al. (2011) . Another possible term that could have been considered is synoviocoele, a cavity originating from disruption of both fibrous and synovial layers of a congenital structure (Minshall and Wright 2012) . However, with ultrasonographic and tenoscopic examination, it was not possible to appreciate if both fibrous and synovial layers were disrupted. Histopathologic examination would be necessary to confirm the presence or absence of synovial lining on the cyst wall.
The origin of the lesion is unknown but, considering the acute onset of the lameness, it was likely to be traumatic. This is supported by Laverty (2009) , who stated that synovial cysttype masses are most commonly associated with previous trauma. Considering the likely traumatic origin of the lesion and the relation with the DFTS, it is important not to overlook a possible underlying or secondary cause of lameness that could affect the long-term prognosis. For this reason, a thorough evaluation of the DFTS, both ultrasonographically and tenoscopically is recommended (Laverty 2009; Crawford et al. 2011) . Tenoscopic image of the small tear in the wall of the DFTS, just proximal to the PAL. It is possible to note gas bubbles (see black arrow) emanating from the defect into the DFTS when external pressure is applied on the cyst-like lesion.
In our case, correlation between the cyst-like structure and the lameness was confirmed by clinical examination, diagnostic analgesia and a positive response to surgical treatment. The lameness may be explained by the existence of a one-way valve effect that results in progressive increase in intralesional pressure that in turn causes local pressure and irritation of the surrounding tissues (Kawcak 2011) .
Utrasonographic examination demonstrated close proximity of the lesion to the lateral palmar neurovascular bundle. Impingement of the lateral palmar nerve was also considered a possible cause of the severe lameness.
Intrathecal anaesthesia of the DFTS was not performed because of the pony's temperament. Crawford et al. (2011) reported that while not all the horses in their series had a positive response to digital sheath anaesthesia, the lameness was improved or abolished by an abaxial sesamoid or a low four-point nerve block.
The surgical technique used in this case allows the simultaneous assessment of the structures in the DFTS and the debridement of the cyst without the need for a second surgical approach. The rationale behind opening the communication is to convert the unidirectional flow of synovial fluid into a bidirectional flow, which would prevent progressive increase in intralesional pressure. This was first described in human literature by Sansone and De Ponti in 1999 in relation to management of popliteal cyst associated with knee joints. The same technique was successfully used by Minshall and Wright (2012) to treat a synoviocoele associated with the tarsal sheath.
A previously described technique for managing DFTS ganglion cyst involves incising directly over the cyst to expose the communication with the sheath followed by en bloc resection of the cyst, sometimes in proximity of the neurovascular bundle (Crawford et al. 2011) . Using this technique, a small cuff of synovial capsule is removed together with the cyst and consequent primary closure of the synovial wall of the DFTS is then necessary.
The main advantage in using a minimally invasive technique is that a single-stage tenoscopic procedure avoids the need for a skin incision over the cyst and for primary closure of the DFTS synovial wall. Although no complications were reported in Crawford et al. (2011) case series, it is described both in human and veterinary literature that arthroscopic surgery is associated with an overall decrease in morbidity compared with open techniques (Vatistas et al. 1995; McIlwraith and Bramlage 1996; Treuting 2000) .
There was no difference in outcome between our case and the cases reported by Crawford et al. (2011) , however the case here described had a slightly earlier return to ridden exercise (10 weeks vs. 12-18 weeks after surgery).
The use of a minimally invasive technique to manage ganglion cysts associated with the DFTS was not previously described and the authors elected to follow a postoperative rehabilitation plan similar to that reported by Crawford et al. (2011) . However, the authors believe that using this minimally invasive technique would allow reduced intensive aftercare and an earlier return to controlled exercise. Moreover, even if direct comparison of the surgical time of the two described surgical techniques was not possible, a reduced surgical time may be expected using the minimally invasive technique.
One disadvantage of this technique is that, since the mass is not excised, no histological examination can be performed. However, it is unlikely that the post-operative management would be affected by the histology results. Transection of the PAL was included in our case because it was considered to be constricting the fetlock canal, and it allowed greater surgical manoeuvrability minimising the risk of superficial iatrogenic damage to the flexor tendons. We are not aware of any reported increased risk associated with tenoscopic PAL transection, rather this procedure is recommended when instrument movement is restricted in the fetlock canal (Fortier et al. 1999; Fortier 2005 ). This expedites a thorough examination of the tendon sheath contents (Fortier et al. 1999) . Transection of the PAL can lead to a curved appearance of the palmar aspect of the fetlock and the owner should be informed of this possibility prior to surgery (Nixon 2012) . In this case, the pony was feathered and therefore this was not deemed a negative complication of the technique chosen.
In conclusion, we report complete resolution of the lameness associated with a DFTS ganglion cyst following tenoscopic enlargement of the communication between the cavity and the DFTS and debridement of the cavity's lining. This minimally invasive technique has advantages compared to the traditional technique, however a case series describing outcome using this technique on a larger number of horses are necessary to state its superiority.
